Streptomyces species produce many industrially important antibiotics and physiologically active substances. Genetic recombination by protoplast fusion recently has been demonstrated in a number of Streptomyces species (1) (2) (3) (4) (5) (6) . The fusion technique yields higher frequencies of recombinants compared with the classical crossing (conjugation) method. So, it, like other recombination techniques such as transduction and protoplast transformation or transfection, is an effective tool for both academic and applied genetic research with the Genus Streptomyces.
We have reported the conditions for protoplast formation and regeneration of a thiostrepton-producing Streptomyces azureus (7) . Also, efficient transfection and transformation systems for S. azureus were established using the protoplasts (8, 9) . Thus, it is anticipated that protoplast fusion will be used as an efficient technique for genetic studies and gene manipulation in S. azureus. In this paper, we describe the first application of the protoplast fusion technique to S. azureus. The usefulness of protoplast fusion in the selection for high thiostrepton-producing recombinants is also described.
The strains employed in this work were Streptomyces azureus (ATCC 14921) and their auxotrophic mutants, SAl-a (His-Tsp+ : thiostrepton productivity), SAl-b (His-Tsp-), 5A2-a (Arg-Tsp+), 5A2-b (Arg-Tsp-), SA2-c (Arg-MetTsp+) and SA3-b (Ath-: adenine and thiamine Tsp-). These mutants were derived from wild strain SAO and its derivatives by UV-irradiation or N-methyl-N'-nitro-N'-nitrosoguanidine treatment. Stocks of these strains were propagated and maintained using rye agar slant culture (10) . Protoplast formation and regeneration were performed according to a previous paper (7) . The regeneration frequencies of these strains were 20 to 60%. The media (Benett, MG-1, PWP and 187 R3 regeneration media) and conditions for cultivation were the same as those of the previous paper (7).
The conventional procedure for recombination by conjugation was carried out by the methods of ALACEVIC et al. (11) . Mixed cultures of two mutants were made on plates of cellophane-coated Benett agar medium. After incubation for 7 days at 28°C, spores and myselial fragments were scraped off and homogenized. Appropriate dilutions were plated on selective and non-selective minimal medium (MM. : 1.0 % glucose, 0.05 % asparagine, 0.02 % MgSO4.7H2O, 0.001 % FeSO4 7H2O, 0.05 % K2HP04 and 1.5 % agar at pH 7.2) containing required growth factors. Recombinants were scored by replica-plating of separate colonies on to diagnostic media, or by transferring to master plates and then testing. The recombination frequency was determined as the ratio of recombinant colonies arising on selective plates to the number of colonies arising on non-selective MM. supplemented with growth factors.
Protoplast fusion was carried out as follows. Purified protoplast suspension (ca. 1 x 10~ cfu ml-1) of two mutants were mixed in 1 : 1 proportions and washed by centrifugation at 1,000 x g for 10 min. The pellets were resuspended in 0.1 ml PWP medium and mixed with 0.9 ml PWP medium containing 40 % polyethylene glycol (PEG) 2000. After 1 min at 28°C, the PEG-treated protoplasts were diluted with 4 ml PWP medium, centrifuged at 1,000 x g for 10 min and resuspended in 1 ml PWP medium. Appropriate dilutions were plated on a modified R3 regeneration agar medium (7, 12) . After 10 days-incubation, the regenerated colonies were transferred to selective and non-selective M.M. containing required growth factors and analyzed as described above. Furthermore, the prototrophic recombinants isolated were transferred once to Benett agar plates, then maintained in rye agar slant cultures and then tested for thiostrepton productivity as follows.
For preliminary screening of the recombinants for thiostrepton production, plugs of agar were removed from the above Benett agar plates and transferred to Petri plates containing Bacto penassay seed agar (Difco Lab.) seeded with spores of Bacillus subtilis (ATCC 6633) (13) . The plates were incubated at 37 C, and antibiotic production was indicated by a clear zone of inhibition around the agar plugs. Thiostrepton production in liquid medium was determined using the Benett broth supplemented with 1 % corn starch. The spores of each strain were used as the first inoculum. Precultivation was carried out for 24 hr at 28°C on a rotary shaker (250 rpm) and this culture broth was transferred (5 % v/v) to the fresh broth. The cultivation was continued for 96 hr under the same conditions as above. The mycelia grown were gathered by centrifugation at 3,000 x g for 10 min, and then applied to DMSO-extraction. The extracts were applied to paper disks. The disks were placed on assay plates seeded with B. subtilis as described above, and concentrations of the thiostrepton produced were determined by Protoplast Fusion 189
by comparison of the diameter of zones of inhibition with a standard curve obtained with known concentration of thiostrepton which was supplied by Asahi Chemical Industry Ltd. Table 1 shows the recombination frequencies obtained by conjugation and protoplast fusion in crosses of several auxotrophic mutants of S. azureus. A high frequency of prototrophic recombinants was obtained by protoplast fusion in all the crosses used. With conjugation, about four orders of magnitude lower frequencies of recombinants were observed. These results indicate that the protoplast fusion technique is an effective tool for genetic studies of S. azureus. We isolated some double mutants which completely lost the Tsp+ characteris- The ability to produce thiostrepton in liquid culture was examined in the prototrophs isolated in the experiments shown in Table 2 . As shown in Table 3 , almost all prototrophs obtained from a cross [SA2-a x SAl-b] produced more thiostrepton than the wild strain and parents did. These thiostrepton-producing recombinants were analyzed after further cultivation and transplantation on rye slant cultures to ascertain that they had Tsp+ property. Their high productivity of thiostrepton was maintained even after serial subcultures (Table 3) . On the other hand, the prototrophs obtained from another cross [SA2-a x SA3-b] showed a low productivity of thiostrepton, with several exceptions such as strains FATH-a and FATH-b. But, the high productivity of thiostrepton of these strains was segregated during serial subcultures. These results indicate that the Tsp+ property of S. azureus may be due to the pleiotrophic effect of some auxotrophic makers. The same opinion is proposed by RYu et al. (14) . A more detailed study will be necessary to elucidate the Tsp+ characteristic of S. azureus and its mutants.
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